Four novel metabolites of a Penicillium strain, IMI 332995, which has previously been reported to produce paraherquamide and a number of related metabolites, are herein describedm. VM55596 is the first TV-oxide to be found in this family of compounds. Unusiial oxidative substitution is also seen in VM55597. VM55599appears to be the first documented example of the hexacyclic indole species that have long been postulated as biosynthetic precursors of metabolites of the brevianamide, paraherquamide and marcfortine families. 1355 Since the discovery of the potent anthelmintic activity of paraherquamide much interest has been focused on this class of oxindole alkaloids which includes the marcfortines and brevianamides. All are products of Penicillium species and a commonmetabolic pathway has been proposed1}. A number of related metabolites have now been isolated by ourselves2) and others3'40. All previously reported paraherquamide metabolites show variation in substitution at C(14) and N(l l) in addition to the two variants of the ring system fused to the 6 and 7 positions of the indole. The marcfortine family also show analogous substitutions.
Since the discovery of the potent anthelmintic activity of paraherquamide much interest has been focused on this class of oxindole alkaloids which includes the marcfortines and brevianamides. All are products of Penicillium species and a commonmetabolic pathway has been proposed1}. A number of related metabolites have now been isolated by ourselves2) and others3'40. All previously reported paraherquamide metabolites show variation in substitution at C(14) and N(l l) in addition to the two variants of the ring system fused to the 6 and 7 positions of the indole. The marcfortine family also show analogous substitutions.
Wenow describe four further metabolites from our paraherquamide-producing strain including two which, unusually, show additional oxidative substitution at N(12) or C(16) and another which is analogous to the proposed precursor of this class of natural productsX).
Taxonomic Studies The morphology of the producing strain has been described2). This strain has now been deposited in the CABInternational Mycological Institute at Kew,UK, under the accession number IMI 332995.
IMI 332995 has been compared (Table 1 ) with a number of Penicillium species obtained from the IMI at Kew. P. paraherquei (IMI 68820) is a known producer of paraherquamide, P. fellutanum (IMI 40232) was included since Ondeyka et al. 3 ) typed their paraherquamide producing culture as P. charlesii which is included under the species P. fellutanum5). Early results on IMI 332995 indicated that certain characteristics were most similar to P. citrinum. Thus the culture P. citrinum IMI 24307 was also examined for comparison.
IMI 332995 differs from P. paraherquei in that growth is much slower at 25°C on malt extract and Czapek-yeast extract agars and was also slower on all of the agars tested at 37°C. IMI 332995 differs from P.fellutanum in that the penicillus is biverticillate as opposed to monoverticillate and growth was slower on n Present address: SmithKline BeechamPharmaceuticals Chemotherapeutic Research Centre, Brockham Park, Betchworth, Surrey RH3 7AJ, England. m Metabolites 1, 2 and 3 are subjects of International Patent Application WO91/09961. SEPT. 1993 chromatographed by normal phase HPLC(21.4 mmdiameter column) as before2). VM55595(9.6 mg) was isolated from the normal phase chromatography of fraction B of fermentation batch 1. It eluted from the column after VM55594. VM55596was found as a late eluting peak from the chromatography of fraction A of batch 2. This material was further purified using a normal phase column (10 mmdiameter) eluted with a linear gradient of CH2C12 with increasing MeOH. Pure VM55596 (10mg) eluted at 93 : 7 (CH2C12 -MeOH).
Chloroform extracts of fermentation batches 3 and 4 were pooled and concentrated to dryness. The MeOHsoluble portion of this extract (9.4g) was applied to a column (25cm x 10cm diameter) packed with HP20SS (Mitsubishi Chemicals, Japan) previously equilibrated with 70% MeOHin water. This column was eluted with increasing concentrations of MeOHas follows: 6.5 litres at 70%, 3.5 litres at 75%, 3.5 litres at 80%, 6.5 litres at 85%and 8.0 litres at 90%. Half litre fractions were collected sequentially from the start. Individual fractions were examined by TLCand combined appropriately into bulks A~J. These bulks included D (fractions 12-19), E (20-32) and G (40-46). After concentration each bulk was chromatographed by normal phase HPLC(41.4mm diameter column eluted with a linear gradient of CH2C12-MeOHfrom 100 : 0 to 94: 6 over 60 minutes). In bulks D and E the component elutingjust after the main paraherquamide peak was collected. This material was pooled and VM55597(10.2mg) was isolated after further normal phase HPLC(10 mmdiameter column; hexane -2-propanol linear gradient 98:2 to 78:22 over 120 minutes). Chromatography of bulk G yielded a number of components, the first to elute was rechromatographed by normal phase HPLC (10mm diameter column using a hexane-2-propanol gradient from 98 : 2 to 96 : 4 over 12 minutes then held at 96 :4) to yield 5.0mg ofVM55599. a Solvent: CDC13except for (1) which was CDC13 plus 1 drop DMSO-d6to aid solubility and (3) which was CDC13 plus 1 drop ofCD3ODto aid solubility. Reference: <5TMS=0ppm. See Fig. 3 for the definitions of Ha and Hb. bSignal pairs may be interchanged. cNot clearly observed. dNo 13C data available due to low sample mass. the 2D XH COSY-45 NMRspectrum (Fig. 1 ) and these were then pieced together into the final structure on the basis of 2-and 3-bond proton-tocarbon connectivities observed in the 2D *H, 13C COLOCNMRspectrum (Table 4) , as well as through-space proton-to-proton connectivities observed in NOEdifference spectra (Table 5 , Fig.   2 ). The following connectivities were particularly important. The observation of COLOC connectivities from H22 and H23 to C2, C20, C21, C22 and C23 allowed the construction of the C2-C21 (C22, C23)-C20 fragment as sp2C-sp3C(CH3)2-sp3C. Nl-H was connected to both C2 in this fragment and to C7a on the aromatic ring on the basis of the observation of NOE's from N-1H to H22 and H23 and to H7, respectively (Fig. 2E) . The observation of COLOCconnectivities from HlOa and HlObto C2, C3, Cll, C12 and C20 allowed the construction of the indole nucleus and the fused 6-membered ring containing C10. The rest of the structure was pieced together in a similar fashion. Thus VM55599has structure 1.
The "left-hand-side" of 1 is analogous to the "left-hand-side" of the aristotelines6), whilst the "right-hand-side" is analogous to a des-hydroxylated paraherquamide2) and in particular VM55595 (2). Liesch and Wichmann4). Our definitions have been used consistently for all the molecules reported both here and previously2). Indeed, the 13C NMRchemical shifts ofC2 to C7a are within 1.4 ppm of the values quoted for aristolasicol6) (AS=0.0 to 1.4, average 0.5ppm), if the quoted values for C2 and C7a are reversed. VM55599also appears to be the first documented example of the hexacyclic indole species that have long been postulated as biosynthetic precursors of the brevianamides, marcfortines and paraherquamides1*. Elucidation of Stereochemistry: It is assumedthat the absolute stereochemistry at C20is the same as that in paraherquamide7) on biogenic grounds and all structure are drawn on this basis. The subsequent discussion is concerned with relative stereochemistry only. H20 and C12 must be trans-diaxial in view of V2o,12b and the stronS NOE from H22 to H12a l'e-NOE[22]12a (Fig. 2C) . Thus assuming C20 is S, as drawn, then Cll is S and C13 is forced to be R by the constraints of ring closure. However, there must be some change in stereochemistry in the 5-membered C12-N to C13 ring in view of the differing 13C and *H NMRchemical shifts in the region C13 to C19 between 1 and both VM55594and VM541592).
It was concluded from the pattern of NOE's that the stereochemistry at C14 was R: inverted from the C14 R configuration in paraherquamide itself0. This epi C14 configuration was confirmed by the low-and high-frequency shifts of the *H NMRsignals of CH317and H14, respectively: an effect which has been previously observed in some synthetic epi C14 paraherquamide analogues8). C12-N being S, as observed in the X-ray crystal structure of paraherquamide itself. An unusual feature of the *H NMRspectrum of 1 was revealed during the course of running some *H inversion-recovery experiments. The relaxation rate of CH322 (Rlnull^1.2 s" 1) was only half that of CH323 (Rlnull~2.4s~1).
Inspection of a model of VM55599 (Fig. 3) revealed that CH322 is in close spatial contact with C12-N, H12a, H19b and CH323and that there is little opportunity to relieve this strain. Thus it is possible that the slow relaxation rate of CH322is due to fast rotation (relative to CH323) caused by raising of the ground state energy level for rotation of CH322. VM55595 (2), VM55596 (3) and VM55597 (4) Similar approaches were used to determine the structures of 2 to 4. The relative stereochemistries SEPT. 1993 are the same as paraherquamide at all centres as judged by 1H and 13C NMRchemical shifts and by *H NOEdata (Tables 2, 3 and 6). Note that the assignment for HI5a, HI5b given here and previously2* for paraherquamide is opposite to that given by the Merck group4'8). Our assignments are unambiguous and based on a careful analysis of S, J and NOEvalues in the compounds reported here and previously2). Note also that the assignment of HI2a and HI2b for paraherquamide by the Merck group changes between references 4 and 8. The values given here agree with reference 8 and are definitive. Finally, our definitions of Ha and Hb for the geminal protons of these molecules differ in part from those of the Merck group4) (see Fig. 3 ).
In the case of VM55597 (4), the structure was confirmed when synthetic material produced subsequently by the Merck group7) was shown to be identical to our natural product by *H NMR(chemical Table 2 ). In the case of VM55596(3) the structure was confirmed by chemical means. Reduction of 3 with Ph3P produced a single product which was identical to paraherquamide by TLC and HPLC. Compound 3 is the first AT-oxide to be isolated in this series of compounds.
Anthelmintic Activity The activities of the four metabolites, and of paraherquamide itself against adult Trichostrongylus colubriformis in gerbils was determined by the method of Hood et al.ll).
Paraherquamide (5) and its TV-oxide (3) gave 100 and 94% reductions in faecal egg counts respectively when dosed at 2.0mg/kg whereas 1, 2 and 4 each lacked significant activity in this model when closed at4.0mg/kg.
Experimental
All NMRexperiments were performed in the 5 mm1H, 13C dual probe (normal geometry) ofa Bruker AM400spectrometer at 300K in 0.5cm3 CDC13-TMS solution (0.003 to 0.04m). For VM55599, the experiments were conducted in CDC13-TMSsolution to which 1 drop of (CD3)2SOhad been added to aid solubility. In addition, for VM55599, the XHNOEexperiments were conducted twice; before and after addition of C6D6to improve spectral dispersion. For VM55596,the solvent was CDC13-TMSplus 1 drop of CD3OD. The 2D, Tt and NOEexperiments were performed as previously described9). MS data was obtained on a VGZABIF in El and FABmodes (using thioglycerol and a saturated solution of sodium acetate in 3-nitro-benzyl alcohol as the FABmatrices).
All HPLCemployed 250 mmRainin Dynamax-60A columns of either silica (normal phase) or bonded C-18 (reverse phase). Flow rates were as follows, 41.2 mmdiameter: 20 ml/minute, 21.4mm: 8 ml/minute, 10 mm: 4 ml/minute. The TLCsystem was as described previously2).
